PERHAPS the greatest difficulty that the electro-therapeutist encounters, when he attempts to arrive at a clear conception of his subject, is the initial one of visualizing the relationship of electrical with chemical energy. This difficulty is increased rather than diminished by modern specialization, which tends to create unnatural and nonexistent distinctions.
PERHAPS the greatest difficulty that the electro-therapeutist encounters, when he attempts to arrive at a clear conception of his subject, is the initial one of visualizing the relationship of electrical with chemical energy. This difficulty is increased rather than diminished by modern specialization, which tends to create unnatural and nonexistent distinctions.
When considering the action of interrupted currents, we are met at the outset by a difficulty of this kind; for it is generally assumed that, in the so-called electrical stimulation of nerve and muscle, the muscular contractions are excited by the direct action of the electrical energy. In reality, the electrical action is indirect; for the contractions directly result from the chemical action of the hydrogen or hydroxyl concentration consequent upon the abrupt make or break of the circuit.
This distinction may at first sight appear unimportant: it is, however, of considerable importance, for we can visualize far more clearly the action of the various forms of interrupted currents, when we consider them in terms of hydrogen-ion concentration rather than in terms of voltage.
That muscular contractions are not directly excited by the electrical stimulation is shown by the fact that they occur at brief though measurable intervals. Moreover, Milnes has shown that if a skeletal muscle of the ray fish be treated with a dilute solution of ether, thus preventing the flow of ions or any variation in their concentration by electrical means, no contraction will follow an electrical stimulus; on the other hand a muscle so treated can be excited by the direct application of an acid or an alkali.
When an electrical circuit of, or beyond, a minimum strength and duration is abruptly established, or broken, or suddenly varied in strength, an unpleasant sensation is experienced and a muscular contraction is excited. At the make of the current this contraction invariably occurs only at the negative pole, and at the break of the current it takes place only at the positive pole.
These facts have been proved by the experiments of Cardot and Laugier (Journat de Physiologie et de Pathologie g6ngrale, Paris, 1912) which were based on the variation with the temperature in the velocity of excitation of a neuro-muscular system. Bourguignon (Revue neurologique, April 30, 1914 ) demonstrated this phenomenon more simply: thus, if we apply a small active negative electrode over the musculospiral nerve in the upper arm, and pass a cathodal closing contraction, the muscles in the forearm supplied by the musculo-spiral nerve will be excited. If, on the other hand, we employ an active positive electrode the biceps and only the muscles of the upper arm (irrespective of their nerve supply) in the immediate neighbourhood of the electrode will contract. In the former case there has been direct stimulation of the musculo-spiral nerve-a true K.C.C. In the latter case there has been no direct stimulation of the nerve, but an excitation of the muscles in the neighbourhoodof the electrode by a " virtual " K.C.C. deep in the tissues.
It follows from these experiments that the old formula K.C.C. > A.C.C. > A.O.C. > K.O.C., D-EL I [1\7veinber 19, 1926. 14 Turrell: Phyysico-clhemical Action oj Interrupted Currents is incorrect; for A.C.C. and K.O.C. do not occur, and the contractions attributed to them proceed from a virtual K.C.C. or a virtual A.O.C. deep in the tissues. No explanation of the phenomena of the electrical stimulation of nerve and muscle can be satisfactory unless it explains the action of the " virtual" as well as of the terminal poles.
One fact of great importance in electro-therapy can be deduced from the existence of these virtual poles; namely, that at both make and break, stimulation takes place throughout the whole inter-polar path.
It appears to be generally agreed among physiologists that muscular contraction occurring at make is due to a sudden concentration of hydrogen ions, which is cquivalent to an acid stimulation, for the strength of an acid is in proportion to its hydrogen-ion concentration. In regard to what takes place at the break of the .current, views seem to diverge or to be indefinite.
For the lack of a more definite pronouncement by the physiologists we are compelled to fall back on a more or less tentative working basis, taking care that our hypotheses are not at variance with established physiological fact.
From the point of view of the electro-therapist it is the attractive rather than the repulsive action of electrical energy that is in evidence. When an electric circuit is established through an electrolyte, the positive pole attracts the negatively charged ions and the negative pole the positively charged ions.
Upon establishing such a circuit through the body, the hydrogen ions, being the lightest and the fastest moving, concentrate momentarily at the negative pole, causing an acid concentration which excites a muscular contraction; but almost immediately electrical equilibrium is re-established by a movement of the heavier and less mobile negative ions in the direction of the positive pole. This momentary -concentration of hydrogen ions occurs not only at the negative pole, but is transmitted in the form of " virtual " poles throughout the whole of the inter-polar path;
and it may be compared with the manner in which the tractive force of a railway engine is communicated in jerks to the successive wagons of a train. It the contraction at make is due to the momentary concentration of the light, easily moved hydrogen ions, conversely, at break, the momentum of the heavier, more slowly moving hydroxyl ions would cause a momentary excess of them at thel)ositive pole. This would produce an alkaline stimulation at the positive pole extending back towards the negative pole and causing the establishment of successive virtual poles throughout the inter-polar path. We can again compare this phenomenon with the series of impacts of the wagons of a moving train when the tractive force of the engine has been cut -off. This theory not only explains the excitation at make and break and the origin of virtual poles, but also helps us to realize why the contraction at make is more vigorous than that at break. The amplitude and vigour of a muscular contraction varies with the ionic concentration; this in turn varies with the voltage or tractive energy of the current, and with the rapidity or abruptness of the make or break. This concentration is only a momentary one, for ionic equilibrium is almost at once re-established both at the terminal and the virtual poles, and the higher the voltage the more rapid is the re-establishment of this equilibrium. The concentration is, however, continuously repeated whilst the voltage rises or falls. If, instead of employing an abrupt make and break, we make and break the current very gradually, there will not exist at anymoment the ionic concentration necessary for exciting a contraction, and the higher the voltage, the more gradually must the current be applied and interrupted in order to ensure the absence of excitation.
These facts are well illustrated by the analogy of the flow of water. If we imagine a volume of water held back by a dam At a high level (high potential), it is clear that entirely different effects will be produced accordingly as we allow this ZO£ 15 water slowly to trickle through the dam, or suddenly open a large flood-gate and allow the water to rush through with high velocity and great force. In the former case very little energy can be utilized, in the latter, the density or concentration of the energy is very high. These effects are analogous to the slow application of a source of high electrical potential, and to abruptly making or breaking the circuit. Of course, this analogy must not be pushed too far, for in the case of the water the force is propulsive, whereas in that of the electrical circuit there is the double force of the positive pole attracting the negative ions, and the negative pole attracting the positive ions; the main underlying action is, however, the same. And this principle applies: whatever source of electricity we use, whether dry cells, accumulators, a dynamo, condenser, or static machine, the concentration of the hydrogen or hydroxyl ions and the type of resulting contraction will depend upon the voltage and the abruptness of the make and break.
So far we have only dealt with the exciting agent, but of equal importance is the quickness of up-take in the receptor. This quickness of excitability is expressed by the "chronaxie," a term which we owe to the French physiologist, Lapicque. To find the chronaxie of a nerve or muscle, the weakest current, without regard to its duration, which will produce the faintest perceptible contraction is first ascertained. This current strength is termed the "threshold of excitation" or "single rheobase."
Physiologists, in order to make their results more accurate, double this strength of current, thus obtaining what is called the "double rheobase." By means of a suitable instrument, the minimum time required to excite a contraction with this double rheobase is ascertained. This minimum time is the "chronaxie of Lapicque."
It is evident that a current must have a certain minimal strength or it will not excite a contraction: there must also be a certain minimal duration below which a current of minimal strength will not produce a contraction. If the minimum duration is reduced, no contraction will result unless the strength of the current is increased: and, as the duration is decreased, the strength has to be increased in a rapidly increasing ratio. The chronaxie of a healthy nerve has been found to be about T5onsecond, of a degenerated muscle about -5X second, and involuntary musclefibre may require a stimulus lasting for a second or more.
The chronaxie of Lapicque, it should be remembered, only deals with weak stimuli. If the strength of the stimulus is enormously increased, as, for instance, by the aid of a spark from an X-ray coil or a powerful static machine, a contraction can be excited, even in a paralysed muscle, by a very brief duration of ixO'v of a second or less.
As the quickness of excitability varies so much, it is evident that the duration of the stimuli employed must similarly be varied. It would be useless, for instance, to apply a faradic stimulus with its time duration of 1Xiz second in order to excite a paralysed muscle with a chronaxie of rA1 second, for no contraction could result. On the other hand, the quick chronaxie of a healthy neuro-muscular mechanism requires a very rapid make and break to secure the maximum effect.
This difference in the quickness of excitability between normal and abnormal neuro-muscular mechanism has been utilized by Lapicque to overcome the overaction of the healthy nerve and muscle under the indifferent electrode, when testing the chronaxie of the injured nerve and muscle stimulated by the active electrode.
Lapicque, moreover, suggested in his original paper1 that the method might be advantageously employed in electro-therapy. This technique of Lapicque has been extensively used in the electrical department of the Oxford Hospital, and has been found most valuable in the treatment of Bell's palsy, infantile paralysis, and other 1 Cornptes Rend. Acad. de Science, 1915, clxi, p. 643. D-EL 2 * similar conditions. Its main advantages are its selectivity, and, owing to its gradual onset, its painlessness. It entirely removes the objection, sometimes made, that healthy muscles are over-stimulated when treating the less excitable, paralysed ones. By this method it is possible to suppress entirely the excitation of these opposing muscles.
This result is achieved by using a current, interrupted by a metronome and regulated by a water resistance, with condensers in parallel varying from a capacity of 2 m.f. to 30 m.f. At make, a progressively decreasing current is diverted from the patient to the condensers; when they become fully charged the whole of the current reaches the patient. At break, the condensers discharge in the opposite direction to the current at break and thus render it a gradually decreasing one instead of a sudden abrupt discharge. The apparatus required is so simple and inexpensive, and the effects are so useful, that this method ought to be more widely known and more generally employed. Pain is so entirely subjective, some patients describe as intolerable a current which others experience as a pleasant sensation, so that it is much more difficult to explain the causation of the pain than to visualize the mechanism of muscular excitation. Pain is, moreover, often largely due to the high resistance of a dry skin, and a current, which when first applied is very irritating, frequently excites no discomfort as the skin resistance diminishes after a few minutes' treatment.
As a general rule, the pain depends, like muscular excitation, upon the ionic concentration, and this is proportional to the voltage. Thus the pain is greater when a high voltage is applied from a secondary consisting of many turns of fine wire, than when a current is applied from a secondary of fewer turns of coarse wire. But, on the other hand, when a very rapidly interrupted current (1,000 per second) is employed, a powerful muscular contraction results and little or no discomfort is caused.
In this case the briskness of the interruption causes sufficient concentration at a much lower voltage than would ordinarily be required and the excitation is consequently less painful.
From this it would appear that the quickness of excitability is more rapid in a. peripheral motor nerve mechanism than in the central mechanism of a sensory nerve. It would follow from this that, when employing the faradic coil, we can obtain the most efficient contractions accompanied by the minimum of discomfort, by the use of currents interrupted at very high speed. There is, however, a limit to the extent to which rapid interruption can be utilized: for the tetanic contraction excited, made up as it is of a variation in muscular tension at each interruption, has a most fatiguing effect on the muscles, as the electro-therapeutist can readily appreciate by applying to his own muscles a current interrupted in this manner.
The comparative painlessness of condenser discharges appears to be due to the minute amount of electricity in these discharges, for a condenser cannot discharge more electricity than it can contain; and the capacity of the condensers employed in electro-therapy is exceedingly low.
In the Morton wave current, though it produces, owing to the abruptness of its discharge, a very powerful muscular contraction, the amount of electricity is exceedingly small, and any pain or discomfort which the patient may experience is due to the force of the muscular contraction and not to any stimulation of the sensory nerves by this discharge. In the administration of the Morton wave current, the patient is, as it were, one coating of a condenser, and the amount of electricity set free at the discharge across the balls of the machine is limited to his capacity-an exceedingly small quantity. The comparative painfulness of the static spark is explained by the fact that, in addition to any othe1 sensation, there is the added force at the point of discharge of the electrically charged particles attracted to the patient from the earth current. From our experience of the action of condenser stimuli we are again led to infer that, when using a very small amount of current (the threshold of excitation), the quickness of excitability is greater in motor than in sensory mechanisms.
In the application of alternating currents a frequency can be reached at which the hydrogen-ion concentration at make is neutralized by the hydroxyl concentration at break, and vice versa, before either concentration has time to become effective. The frequency at which this result occurs depends upon the voltage: the higher the voltage, the higher is the frequency that is necessary to abolish muscular excitation and sensation.
In his original paper on high-frequency currents, d'Arsonval' states that, until 2,500 to 5,000 excitations per second are reached, the vigour of the contractions was increased in proportion to the rise in frequency; but at about the frequency mentioned the force of the resulting contractions began to diminish. When he first commenced his experiments in the year 1888 he had no means by which he could raise the frequency beyond this point. Two years later, by employing the wireless apparatus of Hertz, he was enabled to obtain a frequency of about a million oscillations per second. At this frequency all sensation and all muscular contractions were abolished, and the true clinical high-frequency currents were for the first time obtained. In the early machines the spark gaps functioned between points at a separation of an inch or more; this wide gap necessitated a very high voltage to overcome the resistance, so that with many of the early machines sensation and muscular twitching still persisted on the direct application of the current. In fact, in some modern machines in which a powerful induction coil is employed to raise the primary voltage, some sensation and a faint muscular twitching are experienced.
In a well-designed modern machine, however, a different type of step-up transformer is employed, yielding a lower voltage; wide discs, only separated bv one or two millimetres, are substituted for points in the spark gaps, and in this way a higher amperage at a lower voltage is obtained with a total abolition of all contraction and sensation. Thus, though the frequency of the apparatus depends solely upon the capacity of the condensers and the inductance, this frequency must be increased in proportion as the voltage is raised, if all muscular contraction is to be prevented.
Hence the relation of the frequency to the voltage is an important factor in the efficiency of a high-frequency apparatus.
According to modern views, there is a distinct difference in the therapeutic effects obtained from the older type of high-frequency apparatus and those yielded by the higher amperage and lower voltage of the modern diathermy machines. It is necessary, therefore, to distinguish between the two types, and it is advisable to adopt the teaching of Bordier and apply to the former the term "high-frequency currents of tension," and to the latter the term " high-frequency currents of quantity." In certain cases, such as those of hyperpiesis, better results appear to be obtained from the use of high-frequency currents of tension than from those of quantity. In other cases, however, the high-frequency currents of quantity are the more beneficial owing to their greater heating action. With the high-frequency currents of quantity a sensation only of heat is experienced by the patient, but with high-frequency currents of tension, a faint sensation not necessarily unpleasantusually described as a faint faradic sensation--is felt, and this is accompanied by faint muscular twitching almost fibrillar in character. These effects are due to the! ionic concentration, which has not been completely neutralized by the concentration of opposite charge. It is difficult to imagine that currents differing to this extent in their physical action should not also differ in their therapeutic effects.
RECTIFIED HIGH-FREQUENCY CURRENTS.
A most interesting paper by MM. J. Cluzet and J. Chevalier recently appeared in the February number of the Archives de Electricitg m4dicalel on the action of rectified high-frequency currents. Two methods of rectification by means of radio transmitting valves were employed. Four valves were arranged, in the one case in series, in the other in the form of the Wheatstone bridge. In the former case the rectification took the form of merely suppressing one half phase of the oscillations, in the latter the whole of the oscillations were truly rectified into unidirectional oscillations. The physiological effects were found to be identical in the two cases, consequently the more simple method of arranging the valves in series was adopted in the authors' experiments. These rectified H.F. currents are capable of being measured by a d'Arsonval galvanometer, of exciting electrolysis, of charging condensers, and of exciting an X-ray tube. The authors found that, in the process of rectification, there was practically no loss of voltage whether measured across an open arc or through the closed circuit of the patient.
Experiments were conducted at a relatively low voltage by employing a diathermy apparatus, at a higher voltage by the use of a powerful X-ray coil to step up the primary voltage, and at a still higher voltage by the addition of an Oudin resonator.
A very strong tetanization is obtained from these rectified H.F. currents, but it is not painful, and it is stated that it can be continued for more than ten minutes without fatiguing the muscles.
The motor and sensory effects vary with the voltage; when employing the high voltage from the Oudin resonator a contraction was excited with 0x2 m.a., as strong as that obtained with 2 m.a. from the lower voltage of the diathermy machine. In experiments conducted on the sciatic nerve of a guinea-pig four hours after death, the following results were obtained: (2) Inexcitable to galvanism.
A very definite reaction with H.F.R. (H.T.) 0 * 6 m.a. In one case, however, that of a very old infantile paralysis, the patient failed to respond to H.F.R. (H.T.); there was also no response to any other for-m of stimulation. In these cases when employing H.F.R. (L.T.) ten times the strength of current was required to excite a contraction.
These results are in full accordance with the views on ionic concentration expounded above, for the results are such as might have been foretold by the application of the theory. That is to say, with a sufficiently high voltage and a sufficiently rapid make and break the density of ionic concentration is so high that a muscular contraction can be excited with a minimum of current.
Definite proof is, moreover, yielded by these crucial experiments that the failure of the ordinary H.F. currents to excite muscular contraction is not the result of the frequency of the interruption, but of the rapidity of the alternations, which does not permit of the chemical action of one phase of the current before it is neutralized by the opposite phase.
There is, indeed, only one result from these experiments that we should not have anticipated, namely, the little muscular fatigue induced by ten minutes' tetanization at this frequency. If this absence of fatigue is absolute, and is not attributable to the endurance and enthusiasm of the investigators, it can only be explained on the ground that with very high frequencies the variation in muscle-tension, which must occur at each stimulus, however frequent, is so slight that its effect in producing fatigue is negligible.
These experiments were conducted with H.F.-damped oscillations; it would be very interesting to know whether identical results would be obtained from the undamped continnous oscillations of H.F. It is possible that the " period of silence" between each series of damped oscillations has some effect that would be absent when undamped oscillations were employed.
ACTION ON INVOLUNTARY MUSCLE AND TISSUES OF Low EXCITABILITY.
Although many special forms of current at varying rates of interruption have been designed and recommended by electro-therapists for exciting contraction in the involuntary muscles of the bowel, the fact nevertheless remains that the involuntary muscles of the stomach and intestines are incapable of excitation by any of the currents employed in electro-therapy. Several causes may contribute to this. In place of the simple excitatory mechanism of voluntary fibres, we have in the intestines a double mechanism of excitatory and inhibitory nerves: in place of the simple contraction of voluntary muscle, we have the peristaltic movement of the intestinal muscle communicated from fibre to fibre: and, finally, in the abdomen we have a wide area for diffusion of the current in place of the relatively circumscribed area of a limb.
It would be possible by applying the electrodes directly to the musculature of the bowel, after a preliminary laparotomy, to excite contractions in these involuntary muscles. But even then a very strong stimulus lasting for some seconds would be needed, and the resulting contraction would take the form rather of a local constriction of the bowel than of a promulgated wave of peristalsis. For, though very strong currents directly applied to the intestinal walls cause some diffusion of the contraction to neighbouring fibres, ithe contraction will always predominate at the section stimulated.
This absence of response in the intestinal muscles is, perhaps, fortunate, for otherwise the intestinal colic that would be excited would render incapable of administration such electrical treatments as those for obesity, and those for restoration of tone in the abdominal muscles. It is, however, possible to treat indirectly by electrical means certain forms of chronic constipation with considerable success. For the rhythmic pressure and increase of tension produced by the excitation of slowly surged contractions in the abdominal muscles will doubtless stimulate peristalsis. Again, by the restoration of tone to the abdominal muscles the cause of constipation in enteroptosis may be entirely removed.
Interrupted currents exercise no appreciable action on the larger blood-vessels, but the clearly beneficial effects produced by application of a suitably surged current on cold and cedematous limbs, are probably due partly to the stimulating action on the walls of the arterioles by the electrically induced hydrogen and hydroxyl-ion concentration. This effect on the arterioles is probably of a similar nature to the action of contrast baths on the more superficial arterioles-an action which is well expressed by the term, suggested by Sir Robert Jones, " gymnastics of the arterioles."
It is difficult to say to what extent the beneficial effects of electrical stimulation of tissues of low excitability are due merely to the increased blood-supply, and to what extent they may be due to a direct stimulation of the tissue cells.
The heart's action appears to be extremely sensitive to interrupted currents of even low intensity when administered through its area, for several deaths are stated to have occurred in Germany from the application of interrupted currents of such low intensity as are obtained from machines of the pantostat type. Fibrillation of the cardiac muscle is said to occur in these cases, and may be the result of interference with the cardiac rhythm by these currents. The muscle of a frog's heart can be stimulated to rhythmic contraction by direct application of the constant current to the cardiac muscle. The make of the current is supposed to start a beat, then the refractory period occurs and the cardiac muscle becomes inexcitable; when this period has passed, the heart muscle is again stimulated by the current; thus a rhythmic contraction may be excited in the heart by a current of unvarying intensity. This paradoxical effect may be due to a variation in electrical resistance during the refractory period, causing a corresponding variation in the ionic concentration which excites a contraction of the cardiac muscle.
In electro-therapy a constant current or an interrupted H.F. current may safely be administered through the cardiac area; but the application of interrupted currents of low frequency should be avoided in this region. THE THERAPEUTIC ACTION OF INTERRUPTED CURRENTS ON SENSORY NERVES.
The sedative effects of the thermic currents of diathermy in the relief of pain, by the relaxation of spasm and tension, are too evident and too well known to need detailed consideration.
The most interesting and remarkable of the interrupted currents of low frequency are the Leduc currents. The Leduc interrupter is an instrument which admits of the interruption of the galvanic current up to 200 times a second, the best results being obtained at about half that rate of interruption. It is claimed that by employing this form of interruption it is possible " to produce gradually with remarkably weak currents single contractions, tetanus, local anaesthesia, general anesthesia, paralysis of the respiration, of the heart, and ultimately death."
Leduc claims to have produced all these results when experimenting on animals, prolonging the anaesthesia for eight hours in some cases without any bad effect following. He has also, when experimenting on himself or his assistants, produced general anaesthesia and "electric sleep." The intensity of the current does not exceed 3 milliamperes, and the potential is not more than from 10 to 20 volts. The anLesthesia thus produced, whether local or general, appears to be due to an overfatigue of the sensory end-organs in the one case and of the brain cells in the other.
The local anesthesia is in many respects identical with that obtained by rapidly and repeatedly percussing a skin area. These currents are useful in the treatment of certain forms of neuritis. In causalgia it far surpasses all other forms of treatment, relieving for several hours the terrible pain with such certainty as to possess even a diagnostic value.
With the moderate intensity of current applied in electro-therapy no appreciable action on such nerves as the vagus is usually recognizable. But when the very powerful currents of industrial electricity are accidentally applied, or when a lightning stroke is received, very powerful ionic concentrations at make and break with the constant current, and of a recurrent character with interrupted currents, take place in the form of virtual poles throughout the body, which by their action on the vagus may inhibit the action of the heart or respiration. As Jellinek points out, this is at first only a condition of " apparent" death, but unless artificial respiration is quickly practised the condition rapidly passes into real death.
ON THE CHOICE OF METHOD.
Any method selected for electrical stimulation must naturally be that which excites the required amount of stimulation with the minimum of pain.
For overcoming the hypertonus of the lumbar muscles associated with lumbago, no other method will yield the speedy and complete relief which is obtained from the Morton wave current of the static machine. The force and painless character of the contractions excited by this method should lead to its adoption for breaking down perior intra-muscular adhesions in the case of sprains and other injuries, and also for the rapid diffusion of the fluid in acute synovitis of the knee-joint.
For the restoration of muscular tone-a category which covers a very wide and important range of cases no other procedure equals in its results those obtained from the use of the surged faradic current in accordance with the plan introduced by Dr. Morton Smart. The importance and special value of this treatment call for some further consideration of its mode of action. The value of the treatment is perhaps most clearly seen in cases of loss of muscular tone following the tearing of a few muscle fibres in cases of rider's strain. In these cases, although the actual lesion may be a very slight one, producing no physical signs beyond some tenderness at the seat of the lesion, yet the muscle tone is found to be almost completely lost in the group of the three adductors, their electrical excitability is much reduced, and adduction of the affected thigh, such as gripping a horse, causes sufficient pain to lead to a speedy abandonment of such movement. With no treatment other than rest and bandaging, the condition is prolonged for months, and ultimately it is necessary to adopt some supporting instrument to overcome the pain induced by horse riding.
In the treatment by the Morton Smart method of these and similar cases, such as loss of tone in the quadriceps muscle following injury to the knee-joint, the condition of the muscles improve far more quickly than would be anticipated or than can be accounted for by a simple restoration of strength due to a redevelopment or regeneration of muscle tissue.
Hitherto it has been difficult to explain this speedy recovery. A possible explanation can, however, be deduced from the recent experiments of Dr. E. D. AdrianI on the action-currents produced by sensory nerve endings. By means of an extremely delicate electrometer capable of reacting to a potential variation of 0 01 millivolt lasting for 1 of a second, Adrian was able to record the passage of action-currents " accompanying afferent impulses in the sciatic nerve of the frog when the gastrocnemius is stretched by a weight, in the cat's saphenous nerve when the skin is pinched, in the vagus of the cat and the rabbit when the lungs are inflated, and in the cardiac depressor nerve of the rabbit with each heart beat." 2 " Impulses are started from different sense organs irregularly. A single end-organ, however, responds to a continuous stimulus with a regular series of discharges. Their frequency varies from 5 to 100 a second." 2
The law of "all or nothing" is found to apply in these experiments, for each stimulus is a maximal one; the frequency of the action-currents varies, however, with the strength of the stimulus. When the muscle is lightly loaded and is comparatively slack, stimuli still pass up the nerve at a frequency of about 3 to 8 per second. It has been suggested that such stimuli are the basis of tone in voluntary muscle.
It might further be argued, that when a muscle had lost its tone from injury to its fibres or to a joint with which its action is associated, these afferent stimuli in the sensory nerve would be slight or absent. And, as time went on, from the absence of such stimuli a further loss ot tone in the muscle would occur and would tend to be increased by too long rest or splintage of the affected part. Thus, a vicious circle would be established which would fully account for the lack of recovery in tone in the muscles of injured limbs which have been too long treated by rest and fixation.
By the strong, graduated contractions excited by the Morton Smart coil, stimuli are applied to the muscle tendon, which in turn set up these action currents, and in this way rapid restoration and maintenance of muscle tone can be rationally accounted for.
For the relief of nearly all forms of pain, the method of choice is unquestionably the diathermy current. The chief exception to this rule is the relief of that peculiarly painful condition known as causalgia, in which diathermy exacerbates the heat-pain, and for which the Leduc current acts as a specific.
For the excitation of weak, painless, and slow rhymthic contractions, and for the stimulation of tissue of low and slow excitability, the surged Watteville current is indicated. This form of treatment is useful for the restoration of tone in muscles which have become flabby as the after-effect of sciatica or neuritis, when the more vigorous contractions excited by the Morton Smart coil are perhaps too powerful. It is also most useful in the resolution of the indurated cedematous conditions following phlebitis and associated with "white leg," and also for exciting tissue stimulation in chilblains and allied conditions. The special physical properties of this current are due to the prolongation of the period of excitation.
Perhaps our terminology or our mode of expression may be misleading, for when we speak of the excitation of muscular contraction being due to a sudden concentration of hydrogen or hydroxyl ions, we do not mean that this is a sudden isolated concentration, but that it is a continuously recurring concentration lasting while the voltage is abruptly rising or falling; and that it is due to the continuous arrival of fresh "parcels " of hydrogen or hydroxyl ions, whilst previous parcels have been or are being neutralized during this period of varying voltage. In the break current of the faradic coil this concentration is condensed into about -an of a second, in the Watteville current it may extend to 5 0 of a second or more. The Watteville current, strictly speaking, implies the combination of the galvanic current with the faradic, but the term is also applied to combination of the galvanic with the sinusoidal current, and in this latter form it is the more useful for the excitation of tissues of low excitability, owing to its more prolonged wave of excitation. The addition of the galvanic current to the sinusoidal increases the voltage of the combined current, but the prolongation of the wave of excitation thus obtained is the more valuable effect of the combination. With this current a condition is produced very similar to that which occurs with the selective galvanism of Lapicque, in which the prolongation of the wave of stimulation is more favourable to the excitation of muscles with a slow, than to those with a quick, chronaxie.
The type of muscular contraction produced by the Watteville current is more wave-like and less abrupt than that produced by a sudden make and break of the current, and this slower type of muscular contraction is more suitable for certain purposes, such as the stimulation of the abdominal muscles in the treatment of constipation and in the dispersal of cedema from the limbs.
The resulting waves of muscular contraction are not, however, so dependent upon the type of the isolated stimuli as upon the manner in which the tetanic contractions excited by rapid repetition of these stimuli are applied. The current exciting these tetanic contractions must be gradually surged on and off, allowing sufficient time between each tetanic contraction for an adequate period of rest. It is also well to select a surger which will reverse the polarity of the galvanic component at each alternate group of contractions; in this way all risk of an electrolytic burn will be avoided. Administered in this manner, the Watteville current is one of the most useful employed in electro-therapy. Therapeutics  23   ANOTHER THEORY OF THE ACTION OF INTERRUPTED CURRENTS. A theory has recently been put forward:-"That each of the various body organs is stimulated or acted upon most effectively by an electrical current of one certain specific frequency is a fact which gradually is being recognized more and more."
Section of Electro-
And it is stated that " there is therefore a distinct basis for the corollary that each individual organ or structure responds to a definite frequency or rhythm of electrical stimulation.
" For the purpose of a convenient division of the subject, it is advantageous to designate those currents which act specifically upon the viscera and the neuro-muscular system as lowfrequency currents, and to reserve the term high-frequency currents for those which act upon and influence the cells and their functions."
This theory appears to originate from a false analogy with waves in the ether, set up by X-rays, or ultra-violet radiation, or a spark discharge, which actuate when they fall upon bodies of similar resonance. It also suggests a repercussion from the heresy of the " Abram box," and is strongly reminiscent of the famous "Shearer hoax" in the Great War: for the basic supposition underlying both these fallacies was the superposition, by means of an electrical current, upon the specific frequencies actuating the various tissues and organs, of vibrations of similar frequency or wavelength.
That these action-currents do actually exist in the body is clearly shown by the far-reaching experiments of Adrian. But the frequency of these currents varies according to the strength of the stimulus with a variation from 3 per second at light load to 100 per second at full load. With such a wide variation of frequency there can be no distinct basis upon which to regulate the frequency of the externally applied stimuli. By means of electrically excited contractions we can no doubt originate these actiorn currents indirectly through the intrinsic and intricate nervous mechanism of the body; but we are certainly not justified in assuming, in the present state of our knowledge, that we can directly influence the frequency of this mechanism by any adjustment of the frequency of electrical stimuli applied externally to the body.
There is, on the other hand, an immense field of research open for investigation as to the relation between the application of external electrical stimulation and its indirect influence on the various organs and ductless glands of the body. There is already much evidence of the existence of such a relation to be deduced from the constitutional effects of such different agents as ultra-violet radiation and the static charge.
The best results in this connexion can only be obtained by the whole-hearted co-operation of physiologists, physicists, biophysicists, and biochemists, with those engaged in the actual administration of these therapeutic agents.
Discu8sion.-Dr. E. P. CUMBERBATCH said: The subject of Dr. Turrell's paper is one of no little importance. It is only by knowledge of the primary changes in the tissues affected by electrical currents that any scientific advance can be made in electro-therapeuties. The thermal changes produced by high-frequency currents are known, as also are some of the chemical changes produced by the galvanic current. The immediate effects of interrupted currents are uncertain and difficult to demonstrate, but the theory explained by Dr. Turrell may well lead to their elucidation.
Comment might be made on the supposed difference in the effects of high-frequency currents at high tension and of similar currents at low tension. Both produce heat in the body, the latter more than the former. The physiological and therapeutic results in each case can be attributed to heat. The supposition that they may be due, in part, to some other action involves the subject in obscurity. No one can say precisely what this other action is, and it is wiser, in my opinion, to adopt the more rational explanation when prescribing and administering high-frequency therapy. If the high-frequency currents of high tension procure fibrillary contraction of the muscles they are misnamed. High-frequency alternating currents do not stimulate the excitable tissues. The use of rectified high-frequency currents begins a new chapter in physical therapeutics. Treatment by combined heat and muscular exercise should be very useful in paralysis. It is indeed surprising that Cluzet and Chevalier were able to tetanize their muscles for many minutes without fatigue.
As Dr. Turrell pointed out, it does not seem possible, with the currents at our disposal, to stimulate involuntary muscle to contract. This may be because we cannot place our electrodes close enough to the organs containing muscle of this kind. Another reason may be that involuntary imiuscle is supplied by nerves conveying both augmentor and depressor impulses.
t. The experiments of Dr. Adrian, to which Dr. Turrell referred, are most suggestive. It is quite likely that the stimulation of the nerve-endings in the skin, when the latter is traversed by interrupted currents, has a reflex influence on the voluntary muscles, and perhaps on the unstriated muscle of the blood-vessels and alimentary canal, and on the endocrine organs.
WVhatever the mechanism of the stimulation there is no doubt that certain bodily functions are influenced. The full-length sinusoidal bath is followed by a lowering of the basal metabolism. Stimulation of the skin, especially by the brush discharge, is followed by a rise of blood-pressure due to constriction of the arterioles. Similar stimulation will often cause a return of menstruation in cases of amenorrhcea. It is possible, in these cases, that the internal secretion of the ovaries is reflexly increased by the stimulation of the skin and the end-organs of the nerves. It is by the study of the physiological action of electric currents on the normal subject and on animals that the relation between the application of electricity to the patient and the production of therapeutic effects will be ascertained. In this way electro-therapy will progress still further from empiricism to science.
Dr. C. A. ROBINSON said: It is a great help to the practical electro-therapeutist to be able to visualize the events which follow the application of electrical current to the tissues. The mental picture should, however, be as correct as possible. I do not wish to quarrel with Dr. Turrell for putting forward the hypothesis of the hydrogen ions, but it must be admitted that the movement of the hydrogen ions is only a very small part of what occurs when muscle or nerve is electrically stimulated.
How difficult it is to form a correct view of the events may be realized if we consider that we do not know the ultimate ionization of such a simple electrolyte as a drop of tap water. Blood-plasma consists of a solution of many salts. The presence of proteins and other colloids complicates the state of ionization. On the surface of the colloid particles adsorption compounds are constantly forming and breaking up. Variations of osmotic pressure and surface tension at the numerous interspaces are taking place. Added to this, again, is the complexity, as an electrolyte, of the cells and the dozen or so different enzymes they may contain, each of which is itself a complex substance. The whole is subjected to the influence of the hormones from the internal secretory glands. This complex arrangement is in a constant state of turmoil. What happens when an electrical current is passed through it is not within human knowledge. It is a little unsatisfying to think of it only as a movement of hydrogen and hydroxyl ions. Fortunately for us as practical electro-therapeutists it does not matter. What is necessary for us is to apply the currents and observe the effects.
Although I do not wish to underrate the value to us of the work of physiologists, I feel very strongly that advances in our speciality will come in the future, as they have in the past, by clinical observation of the effects of electrical application by people who are capable of correct deductions from the facts obtained.
From time to time attempts have been made to devise a method of muscle-nerve testing which would eliminate the personal factor in the investigator. Simple condenser testing is inaccurate. The method of expressing the excitability of the muscle by the chronaxie of Lapicque gives accurate results. The chronaxie is the time factor concerned in the quantity of electricity used to produce a contraction. By finding the rheobase a standard for the particular experiment is obtained. On doubling the voltage necessary to obtain the rheobase the time during which current has to pass to produce contraction is the chronaxie.
The advantage of thus having the condition of the muscle expressed by a figure is that comparisons may be made between one case and another, and variations of the condition of the muscle in a patient may from time to time be compared. The techlnique is, however, elaborate, the instrument required is complicated, and the time occupied in obtaining an estimate is long. The method introduces fallacies, so that the personal factor of the operator is not eliminated. As a matter of fact the older method of testing, by means of make and break of direct current and faradism, in the hands of an expert such as Dr. Cumberbatch, is more reliable than any other in the hands of a less experienced exponent. Up to the present no method so far introduced does away with this personal factor, nor is it likely that there will ever be one that will do so.
Dr. JUSTINA WILSON: With regard to the effect of alternating currents on the cardiovascular system: their application is attended with little, if any, risk. In the fatal cases reported from Germany, and alluded to by Dr. Turrell, the current was applied directly to the chest wall, and most of the patients were suffering from fairly advanced myocardial change. There is no risk if the currents are applied in total or partial baths. The effects, briefly summarized, are the following: (1) That of temperature, which is more energetic in the whole bath than in the partial or " Schnee " bath.
(2) Stimulation of the skin. Like the CO2 bath, the sinusoidal bath stimuilates the sensory nerve-ends and has a far-reaching effect on the circulation.
Such distinguished workers as Groedel, of Nauheim, and Romberg, of Munich, state that the results of C02 and sinusoidal baths are practically the same. They cause a slight contraction of the peripheral circulation. The splanchnic arteries and arterioles which are directly under the water dilate, but their dilatation is less than the peripheral contraction, so that there is a slight rise of blood-pressure which lasts from a quartet to half an hour after treatment. This is often desirable, but when not desirable it can be avoided by careful technique, i.e., putting the patient into the bath at a slightly raised temperature above the ordinary.
WVhen one is satisfied that the blood-pressure has been reduced under the influence of temperature the current is introduced.
The effects of the baths are the following:
(1) The pulse is slowed and its amplitude is increased, less in the sinusoidal than in the C02 bath.
(2) The output, i.e., volume per beat, is increased, and more so in the sinusoidal bath.
(3) Respiration is slowed and deepened. This is important in cases of venous congestion. (4) Slight contractions of the thigh and back muscles are aroused, but the clinical effect of these is unimportant.
(5) Arrhythmias are influenced, especially ventricular extra-systoles of an extrinsic kind. (6) The electro-cardiogram is influenced, that is to say: (a) The resting time of the heart is increased; (b) T. in the first lead, which responds to the contraction of the pulmonary base, is increased in amplitude; (c) T. in the second lead, which responds to the contraction of the aortic base, is also increased in amplitude, and (d) R. in the second lead, which responds to the contraction of the right ventricle, is increased in amplitude, (7) The main value of these baths consists in the fact that they give the heart-muscle exercise without inducing fatigue. As Schott, of Nauheim, described it, they constitute the " gymnastic exercise of the heart " and are a valuable therapeutic agent, since they can be modified and controlled by careful observation of pulse-rate, blood-pressure, and respiration, before and after. As long as they are under the direction of an experienced physician, and the heart-muscle is capable of response, and the patient is able to give in to the treatment, and rest, they are distinctly useful.'
The baths have their use in valvular disease also. In mitral cases the muscle of the right ventricle is better filled and better stretched, therefore the contractions of the left ventricle are more vigorous.
They are peculiarly useful in aortic cases which depend largely on their vasomotor tone, the expression of which is the raised blood-pressure and the thickening of the elastic and muscle fibres of the media throughout the vessels.
They also appear to act beneficially on the vasomotor system, and in mlany cases of arterio-sclerosis so long as calcification is not present, and the nutrition and response of the skin are still factors to count upon. They increase the general vasomotor tone and the power of I Hornung and Smith, who introduced these baths, state that through their use a pathologically enlarged heart is decreased in size, but careful study by means of the orthodiagrarh has proved this statement to be without foundation.
the circulation to adjust itself to circumstances such as sudden changes of position and to alterations in temperature. I have found them of even greater use than diathermy in treatment of intermittent claudication.
Dr. TURRELL said (in reply to Dr. Cumberbatch) that the occurrence of sensation and muscular twitching during the administration of H. F. currents was dependent on the relation of the voltage to the frequency. At a very high voltage in the primary, such as was obtained from a powerful X-ray coil, both muscular twitching and sensation would occur, but these were absent with the lower voltage obtained from the usual step-up transformer, although the frequency might be the same in the two cases. In his own experience he had found a distinct difference in the results obtained from the two types.
In reply to Dr. Robinson, Dr. Turrell said he could not agree with the attitude which Dr. Robinson took up in regard to the impossibility of visualizing the action of interrupted currents. The problem before the electrotherapist, who dealt with large currents of known voltage, from 2 to 60,000 volts, applied externally to the body, was a far different one from the complex problem which faced the physiologist dealing with currents of a fraction of a millivolt, of uncertain origin, and complicated by synapses and other intrinsic phenomena.
He did not regard the interrupted currents as " passing through the cells; " on the contrary he considered that the cells were protected by their lipoid films or by some other means from the action of the currents, and in this way he explained the fact that the normal electrical processes of the body were not interfered with or suppressed by the externally administered currents. Owing to the relatively high velocity of the hydrogen and hydroxyl ions in the electrolyte-with which the tissues were bathed, the slower tissue ions played little or no part in the action of interrupted currents.
In reply to Dr. Justina Wilson's remarks, he said that his own experience in the treatment of heart cases had been confined to the treatment of " flabby hearts," in which he had found the electrically provoked exercises of Bergonie most beneficial.
